Background: Heavy episodic drinking (HED) is a common behavior among college students that is associated with severe negative consequences. Negative reinforcement processes have been applied to elucidate mechanisms underlying relationships between consumption of alcohol and the desire to alleviate negative feelings. Distress tolerance (DT) and emotional reactivity are two mechanisms that are consistent with the self-medication model that may contribute to HED. The current study investigated relationships between DT, emotional reactivity, defined as frustration reactivity and irritability reactivity, and HED in a non-depressed college population. Given differential patterns of consumption and motivation for drinking between males and females, sex differences were also examined. Short Summary: The study examined two constructs consistent with negative reinforcement processes, behavioral distress tolerance (DT) and emotional reactivity (frustration reactivity and irritability reactivity), to explain heavy episodic drinking (HED) among non-depressed college students. Behavioral DT and frustration reactivity independently predicted HED. Higher HED was associated with higher frustration reactivity and lower behavioral DT in women, but nor in men. Methods: One-hundred-ten college students without depressive symptoms completed alcohol use measures and the Paced Auditory Serial Attention Task (PASAT-C) to assess behavioral DT and emotional reactivity. Results: DT and frustration reactivity independently predicted HED. The association between DT and HED was moderated by sex such that higher levels of DT predicted higher HED among females, but not among males. Higher frustration reactivity scores were associated with a greater number of HED.
INTRODUCTION
Approximately 43% of young adults aged 18-24 years old, engage in heavy episodic drinking (HED) (Substance Abuse and Mental Health Services Administration, 2014), a behavior that, in this population, is associated with elevated risk for physical injury, sexual and physical assault, progression to alcohol/substance-use disorders, and death (Jennison, 2004; Hingson et al., 2009) . Elucidating factors that contribute to the development and maintenance of heavy drinking in this population is critical and may guide strategies to prevent and treat this high-risk behavior.
Self-medication model
Several models have explained alcohol consumption as motivation to avoid and escape aversive emotional experience (Bandura, 1986; Marlatt and Gordon, 1985) , and have been referred to as selfmedication models (Colder, 2001) . Consistent with these models, an association between heavy drinking and drinking to cope motives has been documented (Lyvers et al., 2010; Foster et al., 2014) . Conversely, findings demonstrating an association between negative affect and HED have been mixed. Some studies have found that HED is more prevalent in individuals with major depressive disorder (MDD) and in the presence of negative affect (Armeli et al., 2008; Pedrelli et al., 2016) , while others have not found an association between negative affect and HED (Cranford et al., 2009) . Inconsistencies may be due to the fact that emotion regulation deficits are also associated with increased risk for HED in young adults (Sher and Grekin, 2007) and may be relevant when investigating self-medication models. In particular, the contribution of emotion regulation deficits to HED among non-depressed individuals has not been extensively examined. This has important relevance for individuals, like many college students, who are not in a clinical state of chronic low mood, but who experience aversive negative states. Given the high prevalence of HED among non-depressed young adults in college, the current study sought to examine the role of two facets of emotion regulation, distress tolerance (DT) and emotional reactivity (Macatee and Cougle, 2013) , in predicting HED in this population.
Distress tolerance
It has been posited that individuals with low DT, defined as an inability to tolerate negative affective states, may be prone to utilizing maladaptive responses, including avoidance-oriented coping to alleviate negative experiences. Two aspects of DT are described in the literature: subjective DT and behavioral DT. Subjective DT is defined as the 'perceived' capacity to withstand negative psychological states and is assessed through self-report measures (Simons and Gaher, 2005) . Behavioral DT is been defined as the ability to persist in goal-directed behavior in the face of negative affective states (Howell et al., 2010) and has been assessed primarily through experimental behavioral tasks . While subjective DT refers to the perceived ability to tolerate negative affect and to selfregulate, behavioral DT measures the actual ability to inhibit a response to an immediate negative reinforcement opportunity (i.e. persisting at a task in the context of an aversive emotional experience) to gain a later reward (Trafton and Gifford, 2011) . Several studies have failed to find a significant association between behavioral and subjective DT (Schloss and Haaga, 2011; Holzhauer et al., 2017) , suggesting that they are separable constructs.
Evidence suggests that both subjective and behavioral DT play a role in the development and maintenance of substance-use problems (Daughters et al., 2005; Buckner et al., 2007; Brown et al., 2009 ). However, while several studies have shown an association between low subjective DT and alcohol misuse (Simons and Gaher, 2005; Buckner et al., 2007) , only a limited number of studies have examined the association between behavioral DT and alcohol misuse, and their findings have been mixed. In one study, adolescents ages 16-18 who reported HED patterns, exhibited lower behavioral DT than healthy controls (Winward et al., 2014) . Another study found an association between low behavioral DT and greater risk of having consumed alcohol more than once in the past year among Caucasian, but not African-American, adolescents (Daughters et al., 2009 ). Conversely, a study that included only female college students did not find an association between behavioral DT and alcohol consumption (Holzhauer et al., 2017) . Similarly, levels of behavioral DT did not differ between social drinkers and solitary heavy drinkers in college students (Williams et al., 2015) . Mixed findings may stem from variability across studies in age of the sample, and/or in the behavioral outcomes examined (HED versus problematic alcohol use). Thus, further examination is needed to clarify the role of behavioral DT in alcohol misuse.
Emotional reactivity
Another facet of emotion regulation related to negative affect that may predict heavy alcohol use among non-depressed young adults is emotional reactivity. While behavioral DT refers to the ability to withstand distress, emotional reactivity refers to the intensity at which individuals tend to experience emotions (Macatee and Cougle, 2013) . Significant individual variation is observed for the intensity of an emotional response to a distressing stimulus and evidence suggests that propensity for greater negative effect is associated with higher risk for AUD. Individuals with AUDs have a significantly higher subjective emotional reactivity in a physical discomfort task compared to a healthy comparison group . Similarly, individuals with alcohol dependence versus those without report a greater worsening of mood in the context of emotionally distressing stimuli (McRae et al., 2006) . One study found that during a psychologically distressing task, adolescents engaging in HED reported higher emotional reactivity than non-heavy drinkers (Winward et al., 2014) . However, it is unclear whether subjective emotional reactivity predicts heavy drinking also among non-depressed college students.
Sex differences in alcohol consumption
Considerable differences exist between males and females for patterns and quantities of alcohol consumption, as well as problematic use symptom severity. College males consume more alcohol and meet criteria for AUD in higher proportion than females (Harrell and Karim, 2008; Substance Abuse and Mental Health Services Administration, 2014) . Sex differences also are observed in behavioral DT, as well as for its association with substance-use behaviors. Several studies have documented that both female smokers and females in treatment for substance-use problems have lower DT than male smokers and males in treatment (MacPherson et al., 2008; Ali et al., 2015) . Moreover, females, but not males, with depression and with low DT report higher substance-use problems than females with high DT (Ali et al., 2015) . Sex differences in subjective emotional reactivity to acute stress also have been reported. Females demonstrate higher negative affect and subjective emotional reactivity after experiencing acute psychosocial stress in a laboratory setting compared to males (Back et al., 2005; Bagley et al., 2011) . Moreover, among women there is a stronger association between trauma exposure and development of PTSD (Norris et al., 2002) and binge drinking (Kachadourian et al. 2014 ) as compared to men. It is plausible that females may experience greater emotional reactivity to acute stress, which may in turn increase their likelihood of utilizing maladaptive, avoidant coping strategies. Thus, sex is an important factor to consider when assessing the contribution of behavioral DT and emotional reactivity within an alcohol selfmedication model.
Current study
Although the associations between HED, emotional reactivity and behavioral DT have been examined, this area of research is still in its infancy, with a number of questions yet to be investigated. Specifically, it is not yet known whether DT and emotional reactivity predict HED independently through an additive effect and whether their associations with HED are moderated by sex. Accordingly, the objective of the present study was to examine whether DT and emotional reactivity predicted HED independently or interactively and whether the associations between HED, behavioral DT and emotional reactivity differed by sex among non-depressed young adults in college. Given that the majority of students who engage in HED do not meet clinical criteria for MDD (Pedrelli et al., 2016) , but may still experience significant negative affective states, it is critical to investigate the role of negative reinforcement processes in this population. It was hypothesized that low behavioral DT and higher subjective emotional reactivity would be associated with a higher frequency of HED. Given that females with substance-use problems have higher emotion dysregulation (Ali et al., 2015) and a higher tendency to drink to cope (Norberg et al., 2010) than males, it was hypothesized that these associations would be prominent in females in the current sample. It was also hypothesized that behavioral DT and emotional reactivity would independently predict HED.
MATERIALS AND METHODS

Participants
Participants included 110 undergraduate students attending 2-or 4-year colleges in the Boston area (56.0% females), between 18 and 23 years old (M = 19.9 ± 1.3). The majority of participants identified as White (67.3%) and non-Hispanic (87.3%). Demographic information is provided in Table 1 . Of the entire sample, one participant met criteria for current alcohol abuse (0.9%) and one met criteria for an eating disorder (0.9%). The majority of participants (62%) denied using cannabis in the past month.
Procedure
The protocol was approved by the Institutional Review Board of Massachusetts General Hospital. The study was conducted between August 2012 and April 2015. Participants were recruited via flyers and online advertising on local Boston college listservs and Craigslist. Prospective participants completed a brief pre-screening telephone interview with a research coordinator. Eligible participants completed an in-office visit that lasted approximately 1.5-2 h and received monetary compensation for completing assessments.
To ensure that findings were due to heavy drinking and not to other factors shown to influence emotion reactivity and behavioral DT, participants who had used illicit drugs more than 10 times in their lifetime (with the exception of marijuana) were excluded. Additional exclusion criteria included: meeting DSM-IV criteria for current MDD or SUD (alcohol abuse was not exclusionary), presence of mild to severe depressive symptoms determined via the Beck Depression Inventory (BDI-I; Beck et al., 1996) (score ≥ 10), and current or a history of Bipolar Disorder or psychotic disorder.
Measures
All participants underwent the Structured Clinical Interview for the DSM-IV (First, 1997) . Participants also completed a questionnaire to determine lifetime and past month consumption of cannabis, heroin, methamphetamine, PCP, cocaine, MDMA and non-prescribed consumption of prescriptions. Participant responses ranged among eight choices, from 'never used' to '40 or more times.' Participants were also administered a questionnaire assessing nicotine use including three questions about regular use of tobacco products (e.g. cigarettes or nicotine products) and amount of use per week.
Number of episodes of heavy drinking (i.e. HED) over past 90 days was determined using the Timeline Follow-back procedure (TLFB; Sobell et al., 1986) . HED was defined as consumption of four or more standard drinks in females and five or more standard drinks in males.
A modified computer-administered version of the PASAT-C was used to measure behavioral DT and self-reported emotional reactivity (Lejuez et al., 2003 ; find in http://www.millisecond.com/download/ library/pasat/pasatc/). The PASAT was originally developed by Gronwell in (1977) to measure cognitive function and to assess auditory information processing speed and flexibility, and calculation ability. It was later modified to examine DT by Lejuez et al. (2003) . In the PASAT-C, numbers are sequentially presented on a computer screen, Note. AA = African-American; N/A = Did not answer.
and participants are asked to add the presented number to the previously presented number using the computer's mouse to click on the correct sum. After each sum is provided, participants have to ignore that sum and add the presented number to the previously presented number. For every correct answer, one point is awarded and a pleasant bell sound is heard, while for each wrong answer an aversive 'explosion' sound effect is played. Points are continuously updated in the upper-right-hand of the screen. The task consisted of three levels that increase in difficulty based on a shorter latency between number presentations. However, the latency between number presentations is titrated to the participant's ability level to control for effects of skill on the task. The first level was the titration phase and lasted 3 min and the second level was the stress phase and lasted 5 min. During the stress and DT phases, the latency between number presentations exceeds the participant's skill level, thus leading to failure on the task and inducing distress. Following a 2-min rest for self-report assessment, the final level lasted up to 10 min. Participants are instructed that once the final level begins, the task can be terminated at any time by pressing a button on the computer keyboard. Participants are informed that amount of an undefined compensation for their participation is determined by their task performance (including length of persistence, measured in time), which provided incentive for good performance (Daughters et al., 2005; Gorka et al., 2012) . However, all participants received the full amount regardless of performance. Consistent with numerous previous studies, behavioral DT was represented as a dichotomous variable (quit vs. no-quit) (Daughters et al., 2009; Schloss and Haaga, 2011; Holzhauer et al., 2017) . Participants who persisted for the entire duration of the final level of the task were categorized as 'high DT,' and those who terminated early were categorized as 'low DT.' As part of the PASAT-C, prior to level 1 and after level 2, participants rated their affect, including anxiety, frustration, difficulty concentrating, physical discomfort and irritability, on a scale from 1 ('none') to 100 ('extreme'). Ratings were completed prior to the final level of the task to prevent confounds associated with termination latency. Change in affect ratings during the task was used to verify that the task was distressing. Changes in levels of frustration and irritability from pre-task to post-completion of level 2 (Frustration reactivity = ΔFrustration and irritability reactivity = ΔIrritability) were used as indices of emotional reactivity in light of a previous study showing higher reactivity in these two areas among youth engaging in HED relative to non-drinking controls (Winward et al., 2014) .
Statistical analyses
To evaluate the assumption that the PASAT-C induced distress, as is standard in the DT literature (Lejuez et al., 2003) , paired samples t-tests were conducted to examine change in frustration and irritability ratings associated with the task prior to starting the PASAT-C and after level 2. Two hierarchical linear regressions were conducted to examine the associations between behavioral DT, emotional reactivity and HED, the effect of sex on these associations, and the unique contribution of each variable. One model included as predictor behavioral DT and ΔFrustration and the other included behavioral DT and ΔIrritability. In each model, the following variables were entered on three sequential steps: predictors (Sex, Behavioral DT and ΔFrustration or ΔIrritability) were entered first, then two-way interactions (Sex × Behavioral DT; and Sex × ΔFrustration or Sex × ΔIrritability), and finally the three-way interaction (Sex × Behavioral DT × ΔFrustration, or Sex × Behavioral DT × ΔIrritability). Regression analyses were conducted using SPSS 24.0 (SPSS, Chicago, Illinois). Post hoc analyses were conducted to determine simple slopes of significant interaction terms using the macro PROCESS (Hayes, 2013) . Assumptions to conduct the linear regressions were examined. The data met the assumptions of linearity and no multicollinearity but did not meet the assumption of homoscedasticity. This was probably due to the dependent variable, HED, not been normally distributed. Hence, the dependent variable HED was log transformed to improve homoscedasticity.
RESULTS
Descriptive data
As shown in Table 2 , males engaged in HED significantly more often than females (t(81) = −3.07, P = 0.003). There were no statistical differences between sexes in level of depressive symptoms, in rates of early termination of the PASAT-C, or in magnitude of PASAT-C change in frustration or irritability.
Paired samples t-tests indicated significantly increased frustration, (t(105) = −13.72, P < 0.0001) and irritability (t(105) = 10.11, P < 0.0001) between the first and second level of the PASAT-C. There were no statistical differences between participants who terminated the PASAT-C early and those who did not in magnitude of change in frustration (t(104) = −1.08, P > 0.05), or irritability (t (104) = −1.18, P > 0.05).
Overall, 68% (n = 72) of participants quit the PASAT-C early and were categorized as having low DT and 32% (n = 34) completed the task and were categorized as having high DT. Mean of persistence on the third level of the PASAT-C was 252.47 ± 262.36 s (range 1-600). No significant relationships were found between PASAT-C termination latency and skill/performance score on any level of the task (ps > 0.05). There were no significant differences between sexes in performance on the PASAT-C, measured as total Note. * = P < 0.01. BDI-Total = Beck Depression Inventory -I; # HED = Number of heavy drinking (4-5 drinks) days within the past 90 days per Timeline Follow-back. DT (quit) = participants who quit on the behavioral distress tolerance task, PASAT-C.
PASAT-C score, on levels one (level 1 27.77 ± 13.62; vs. 30.72 ± 11.18; P > 0.05) or two (64.35 ± 19.57 + 64.35 ± 20.36; ps > 0.05). There were no significant differences in performance at levels one and two between those who persisted on the task and those who quit (level 1: 30.17 ± 14.08; vs. 30.18 ± 14.41; level 2: 69.65 + 19.44 vs. 61.85 + 19.64 , respectively, all ps > 0.05). As expected PASAT-C score on the third level differed between those who persisted and those who did not (74.94 ± 32.03 vs. 7.94 ± 21.36; F(1,105) = 162.77; P < 0.001). There were no significant differences between those who quit and those who persisted in age, depressive symptoms, and ethnic background (all ps > 0.05).
Average changes in frustration and irritability from level one to two are illustrated in Table 2 . No relationships were evident between age, ethnicity and depressive symptoms with ΔFrustration or ΔIrritability (all ps > 0.05). Pearson's correlations between changes in frustration and irritability and scores on the PASAT-C at levels one and two were not significant (all ps > 0.05).
Behavioral distress tolerance, frustration and irritability reactivity
In the hierarchical linear regression model examining the relationships between ΔFrustration, sex, behavioral DT and HED, the three-way interaction term was not significant, but the interaction between sex and behavioral DT was statistically significant (β = −0.57; t(96) = −2.55; P = 0.012), as was the main effect of ΔFrustration (β = 0.01; t(96) = −2.13; P = 0.036) ( Table 3 ). The interaction between ΔFrustration and sex approached significance (β = −0.01; t(96) = −1.98; P = 0.051). The overall model was significant (F(5,96) = 4.71; P = 0.001), explaining 44% of the variance. Given that the interaction between ΔFrustration and sex approached significance we investigated this relationship further in a regression model without DT and the interaction in the new model was significant (β = −0.01; t(98) = −2.17; P = 0.033).
In the hierarchical linear regression model examining relationships between ΔIrritability sex, DT and HED, the three-way interaction term was not significant, but the interaction between sex and DT was statistically significant (β = −0.61; t(98) = −2.70; P = 0.01) (Table 3 ). In this model, neither the interaction between ΔIrritability and sex nor ΔIrritability main effect predicted HED.
Follow-up analyses to examine the significant interaction between sex and DT observed in the two regression models showed that the association between behavioral DT and HED was significant among females (β = 0.29; t(98) = 2.16; P = 0.046, CI: 0.004 to 0.572), but not males (β = −0.33; t(98) = −1.93; P = 0.055, CI: −0.687 to 0.008). As illustrated in Fig. 1 , while females with low DT reported a significantly higher number of HED than females with high DT (8.95 vs. 5.3), males with low DT had a significantly lower number of HED episodes compared to males with high DT (11.81 vs. 19.58) .
Furthermore, probing of the significant interaction between ΔFrustration and sex showed a significant association between Table 3 . Hierarchical multiple regressions on emotional reactivity, DT and sex predicting heavy drinking
ΔFrustration
Step 1 Note. *P < 0.05; **P < 0.01. DT = Behavioral distress tolerance as measured by PASAT-C. ΔFrustration and HED among females (β = 0.00; t(98) = 2.40; P = 0.02, CI: 0.001-0.012), but not among males (β = −0.00; t(98) = 0.52; P = 0.052, CI: −0.007 to 0.004).
DISCUSSION
This study extends the current understanding of a self-medication model by examining the role of sex, behavioral DT and emotional reactivity in heavy drinking among non-depressed college students. Behavioral DT and emotional reactivity predicted HED independently and uniquely, consistent with the literature suggesting these are separate aspects of emotion regulation. There was an additive effect of behavioral DT and frustration reactivity in predicting HED. However, in the model including behavioral DT and irritability reactivity, the latter did not have an additive value when trying to identify students at risk for HED. These findings highlight that not only negative affect, but also other features related to emotion regulation, significantly influence heavy drinking, including the ability to withstand distress and the propensity to react with higher frustration in the presence of aversive stimuli.
As hypothesized, there were significant sex differences in the association between behavioral DT and HED. Specifically, more frequent HED was associated with low behavioral DT in females, but not males. Our findings extend previous studies that report that a combination of depression and low DT was associated with higher problematic alcohol use and substance-use problems among women (Gorka et al., 2012; Ali et al., 2015) . Results from the current study are the first to suggest that low DT in females is a risk factor for HED not only in combination with depression, but also in its absence. A recent study implicated the effect of sex in these relationships and showed that an association between DT and substance problems differed between sexes. Specifically, the association between depression and substance-use problems was present among depressed females with low, but not high DT and the same effect was not found in males (Ali et al., 2015) . Findings among females are consistent with the self-medication model describing alcohol consumption as a strategy to cope with aversive affective states (Bandura, 1986) . Thus, our findings, together with prior reports that females are more likely to drink to cope than males (Norberg et al., 2010; Foster et al., 2014) , and findings showing a stronger associated between trauma exposure and higher binge drinking among females than males (Kachadourian et al., 2014) , suggest that females experiencing negative affect, with or without depressive symptoms, and low DT may represent a high-risk population for heavy drinking. Our results therefore extend previous research by illustrating that an inability to tolerate aversive affective states increases risk for HED among females.
In contrast, the current findings are not consistent with a previous study reporting no association behavioral DT and HED in young adult females (Holzhauer et al., 2017) . This discrepancy may be due several methodological differences between the studies. The current study used a version of the PASAT-C where participants were instructed to persist on the task, and that the longer they persisted, the higher reward that would be obtained, even though the reward amount was not specified (Tull et al., 2015) . Conversely, in Holzhauer et al. (2017) , participants were told that they would receive performance-based raffle tickets for the drawing of a $50.00 cash prize. Differences in instructions may therefore have affected motivation to persist on the task. Moreover, this study used number of HED in the previous 90 days as an outcome variable while Holzhauer et al. (2017) assesses HED only within the past two weeks. Academic calendar influences HED (Beets et al., 2009; Schuckit et al., 2016) , and accordingly, a shorter timeline may have not been adequate to capture an association between DT and HED. Finally, this study included non-depressed participants between 18 and 21 years of age, while Holzhauer et al. (2017) included students in a larger age range, between 17 and 28 years old, with and without depressive symptoms.
Among men, high behavioral DT was marginally associated with higher HED, but at a non-significant level and thus should be interpreted with caution. Motivated behavior depends, in part, on the valence of expected rewards or consequences that may follow. Male college students with high behavioral DT may drink heavily more often because they may not perceive possible negative affects of alcohol as aversive (black-outs, vomiting), and because they may value more the enhancement effect of alcohol. To this end, having more positive or neutral ratings of alcohol-related consequences are associated with higher risk drinking (Mallett et al., 2008) . Among students referred to treatment following an alcohol-related incident lower perceived aversiveness of the alcohol-related referrals is associated with lower motivation to reduce drinking (Qi, Pearson, and Hustad, 2014) . Conversely, male students with low DT may perceive alcohol-related problems as more aversive and may, accordingly, avoid engaging in HED.
Previous studies have shown that females have a higher negative affect and subjective emotional reactivity after experiencing acute psychosocial stress in a laboratory setting compared to males (Back et al., 2005; Bagley et al., 2011) . We extended these findings by showing that higher reactivity is associated with higher HED among females, but not males. One unanticipated finding is that irritability reactivity was not predictive of higher HED in the model with behavioral DT. Since irritability is a symptom often present among individuals with depressive symptoms (Fava et al., 2010) , and given that participants were not clinically depressed, study participants may have been less prone to experiencing change in this area.
The results from this study are in line with literature supporting the interpretation that HED is associated with heightened subjective emotional reactivity in response to acute stress in females (Hartwell and Ray, 2013) . Among heavy drinking teens, irritability and frustration reactivity improve with continued alcohol abstinence (Winward et al., 2014) . Prior research suggests that HED may result in neurobiological adaptation, which may lead to higher emotional reactivity. Animal and human studies have shown that heavy drinking leads to a dysregulation of the Hypothalamic-Pituitary-Adrenal axis, a key stress response system (Thayer et al., 2006; PrzybycienSzymanska et al., 2011) . Thus, heavy alcohol use in young adult females may lead to dysregulation of the stress response system, expressed as heightened emotional reactivity in response to acute stress. Alternatively, results may also indicate that students with higher emotional reactivity to psychological stress consume alcohol to cope with their aversive affective state. Lastly, results may be interpreted as indicative of a bidirectional association between heavy drinking and emotional reactivity, whereby HED over time may lead to heightened emotional reactivity, which may in turn may promote the maintenance of drinking behavior through coping motives. Longitudinal studies will be critical to determine temporal relationships between heavy alcohol use and emotional reactivity.
Findings from the current study should be considered in the context of some limitations. Observations were based on a sample of non-depressed college students, with limited substance-use history, residing in the Northeast region of the USA, which may limit generalizability. Students who reported lifetime use of illicit substances (other than cannabis) greater than 10 times were excluded to ensure that findings were due to alcohol use and not influenced by other substance-use, given that substance-use problems have been associated with lower behavioral DT (Ali et al., 2015) . Furthermore, the majority of the sample identified as White and thus our findings may not be generalizable to individuals from other races. The presence of financial incentives may also have differentially affected participants, depending on their socio-economic status. Self-report assessment of alcohol use may be influenced by reporter biases. However, previous studies have been shown that college students do not misrepresent their alcohol use if confidentiality is ensured (Borsari and Muellerleile, 2009) . Finally, the cross-sectional nature of this study does not allow the direction of the associations between affective responses and alcohol to be differentiated.
In summary, unique mechanisms may explain the phenomenology of HED among male and female students. Non-depressed female students, who may be less able to tolerate psychological distress, may drink heavily to cope with negative affect, and heightened alcohol use may subsequently lead to elevated emotional reactivity. In this population, low DT and higher emotional reactivity appear to work synergistically to lead to higher risk for HED. Conversely, among non-depressed male students, only the intensity of frustration in response to acute stress predicts HED. Programs for the prevention or treatment of HED may focus on providing emotion regulation skills like the Botvin's Life Skill programme (Botvin and Griffin, 2014) , mindfulness-based treatments (Liu et al., 2013) , or DT treatments (Bornovalova et al., 2012) .
